Aim: To retrospectively compare patients with excellent and unacceptable orthodontic treatment results with respect to possible prognostic factors. Material and methods: All patients, who completed treatment at the Department of Orthodontics of the Justus-Liebig-University Giessen, Germany between 1993 and 2009 with an excellent or unacceptable outcome according to the Ahlgren index. Possibly influencing factors regarding case history, treatment, cephalometrics, and plaster casts were analyzed. Furthermore, PAR index pre-and post-treatment was compared. The explorative statistical analysis was performed using Fishers Exact test, Chi-square test, and Mann-Whitney U-test. Results: Out of 1653 patients, treatment outcome was excellent in 226 (13.7 per cent) and inacceptable in 56 (3.4 per cent) patients. For the remaining cases, a good or acceptable outcome was assessed. Pretreatment PAR scores showed no difference between the excellent and unacceptable group. The following factors were significantly more common in the unacceptable group: male predominance (P = 0.009), occurrence of general diseases (P = 0.003), habits (P < 0.001), prolonged active appliance treatment duration (P = 0.014), negative cooperation (P < 0.001), denial of recommended appliance or premature removal of appliances (P < 0.001), decreased pretreatment overbite (P = 0.005), and hyperdivergent jaw base relationships (P = 0.005). Conclusion: Patient cooperation remains the outstanding parameter determining treatment success. A proportionally higher frequency of unacceptable treatment results must be expected in patients with open bite configurations (skeletally, dentally, and functionally).
Introduction
Our aim in the orthodontic profession is to treat all cases to results as excellent as possible. However, only relatively few studies in literature deal with the outcome quality of orthodontic treatment (1) (2) (3) (4) (5) (6) (7) , and failures are hardly ever described or systematically analyzed. Accordingly also studies analyzing possible influencing factors that favour successful respectively unsuccessful orthodontic treatment results are scarce.
When discussing success or failure in orthodontics, the problem starts with the definitions, on which there is no general agreement in literature. The aim of orthodontic treatment was characterized by Andresen (8) as 'achieving an individual, functional and esthetic optimum'. A range of excellent until unsuccessful orthodontic results was defined by Ahlgren (9, 10) : Excellent results imply the achievement of 'a normal occlusion, as close to Angle´s ideal occlusion as possible', while unacceptable results are described as 'malocclusion remains, has either deteriorated, or a new malocclusion has developed'. For detailed information about Ahlgren's definitions, see Table 1 . In contrast to the aforementioned authors, Proffit et al. (11) noted a paradigm shift during the last decades from the 'Angle paradigm' with ideal occlusion and ideal jaw relationships towards a 'soft tissue paradigm', with the aim of normal soft tissue proportions. This 'soft tissue paradigm' also addresses other factors associated with successful treatment results like functional occlusion and possible side-effects of orthodontic treatment (i.e. whitespot lesions, root resorption). Including such parameters in research projects requires prospective designs, calibrated investigators and/or additional radiographs and therefore more complex study designs. In contrast, the analysis of static occlusal factors obtained from plaster casts is an easy and reliable method for the analysis of treatment outcome which prevails in the current literature, although it analyzes a selected outcome only.
Some authors found that the complexity and severity of malocclusions before treatment have an impact on the achievable posttreatment occlusion and stability (12, 13) . In contrast, Tulloch et al. (14) could not prove a relationship between the severity of pretreatment malocclusion and the treatment outcome in Class II patients. O'Brien et al. (15) focused on treatment timing and described less favourable occlusal outcomes in patients who started at early age, while Casutt et al. (16) described activator treatment to be more efficient, but not more effective, when started in the late mixed dentition. The only influencing factor which was significantly related to a better outcome was the level of patient cooperation. The latter was confirmed by Robb et al. (17) . In other words, there is not even a consensus in literature on possible prognostic factors for static occlusal treatment success. However, most previous studies dealing with treatment outcome focused on selected malocclusions with small patient samples or selected treatment-related factors (1) (2) (3) (4) (5) (6) (7) (12) (13) (14) (15) (16) (17) .
Therefore, the purpose of the present retrospective study was to analyze multiple patient-and treatment-related prognostic parameters in a large patient sample showing excellent respectively unacceptable occlusal orthodontic treatment results.
Material and methods
The study protocol was approved by the ethical committee of the Justus-Liebig-University Giessen, Germany (No. 184/09 and No. 72/10). All patients completing treatment at the Department of Orthodontics with an excellent or unacceptable outcome at the end of supervised retention period (approximately 2 years after debonding) between 1993 and 2005 (group A), and from 2005 till 2009 (group B) were included. Treatment outcome was assessed according to Ahlgren (9, 10) by two experienced orthodontists, who were head of the department during the first (H.P., 01/1993-08/2005) and the second (S.R., 09/2005-12/2009) time periods, respectively. Further inclusion criteria were orthodontic treatment by postgraduate students or orthodontists, but not by one of the assessors, and patients age ≤ 18 years at start of treatment.
From the patient records, the following parameters were retrieved: -Sex -Age at start of treatment -Existence of general diseases including facial deformities -Number of habits before treatment (thumb sucking, lip biting, lip sucking, lip inclusion behind upper front teeth, tongue thrust swallowing, mouth breathing) -Number of appointments -Number of visits with recorded negative cooperation (appointment not attended, poor oral hygiene, poor appliance/elastics wear, appliance defects) -Type of appliances used (multibracket appliance (MB), removable functional appliance followed by MB, fixed functional appliance followed by MB, patient/parents decline recommended appliance or premature appliance removal) Percentages of PAR reduction shown in parentheses. The P values for group differences are given, significant ones are highlighted in bold.
-Treatment duration (start of treatment, end of active treatment/ debonding, end of supervised retention).
Patient's lateral cephalograms before treatment (T1) and after retention (T2) were traced on matte acetate paper. Unfortunately, lateral cephalograms from both before and after treatment were not available in 23 excellent and 3 unacceptable cases, thus the cephalometric measurements could only be performed in 256 out of 282 cases. The following angles and distances were measured to the nearest 0.5°, respectively 0.5 mm: SNA, SNB, ANB, and WITS appraisal for the sagittal dimension and NL/NSL, ML/NL, and ML/NSL for the vertical dimension. From patient's plaster casts at T1 and T2, the following measurements were taken: -Overjet (mm) -Overbite (mm) -Sagittal first molars occlusion (normal or deviation in premolar widths and direction) -Transverse occlusion (normal, crossbite or scissor bite including tendencies).
Furthermore, the Peer Assessment Rating Index (PAR -18, 19) was measured on the plaster casts from T1 and T2. The measurements were made with the special PAR caliper by PAR-certified observers (T.S., P.S.). To ensure a global comparison with literature, three different PAR-weightings were applied (18) (19) (20) . The explorative statistical analysis was performed in cooperation with the Department of Medical Statistics of the Justus-LiebigUniversity Giessen, Germany using IBM SPSS Statistics 23 (IBM Company, Chicago, Illinois, USA). As the data were not normally distributed, Fishers Exact test and Chi-square test were used for the analysis of categorical parameters, whereas for continuous parameters the Mann-Whitney U test was used. Statistical significance was set at P < 0.05.
For the assessment of the intraobserver reliability, the pre-and posttreatment records of 20 randomly chosen patients were analyzed for a second time four weeks later. All metric measurements were repeated (cephalometric analysis, PAR index). To evaluate the degree of concordance, Kendall's tau coefficient was calculated, which ranged between 0.73 and 0.97 for the cephalometric values and 0.86 and 0.99 for the PAR index thus, corresponding to a good intraobserver reliability.
Results
Between 1993 and 2009, a total of 1653 patients fulfilled all inclusion criteria and completed their orthodontic treatment. Treatment outcome was evaluated as excellent in 226 patients (13.7 per cent) and as unacceptable in 56 patients (3.4 per cent). For the remaining cases (n = 1371, 82.9 per ceent), a good or acceptable outcome was achieved.
Detailed information about the PAR scores is given in Table 2 . The pretreatment PAR score did not differ between the excellent and unacceptable group irrespective of the applied weightings. After treatment, in accordance with the inclusion criteria, the PAR scores were significantly lower in the excellent group (P < 0.001). While pretreatment PAR scores differed only slightly between the time periods, post-treatment PAR scores showed significant differences (P < 0.001; Figure 1 ). Higher PAR averages (2.0 points) for the excellent but lower averages (1.0-1.5 points) for the unacceptable cases during the second time period indicate slight inter-rater differences in terms of a stricter score for excellence of rater H.P. but also a less tolerant rating for unacceptable cases of rater S.R.
The gender distribution differed between the excellent and unacceptable groups (excellent: 55.3 per cent female, 44.7 per cent male versus unacceptable: 35.7 per cent female, 64.3 per cent male, P = 0.009), indicating a female predominance in the excellent group irrespective of the time period (Table 3) .
Anamnestically, general diseases were more common in the unacceptable than in the excellent group (19.6 versus 4.9 per cent, P = 0.003), the same was truth for habits (57.2 versus 31.3 per cent, P < 0.001).
The mean age at start of treatment differed only insignificantly between the excellent (11.6 ± 2.2 years) and the unacceptable group (11.2 ± 2.2 years). Time of active appliance wear was significantly shorter in the excellent compared to the unacceptable group (32.9 ± 15.8 months versus 39.8 ± 19.5 months, P = 0.014), while the number of appointments was similar (41.2 ± 13.1 versus 44.5 ± 16.0 appointments). However, the number of appointments with chart entries indicating insufficient patient cooperation was significantly higher in the unacceptable group (13.5 ± 8.6 versus 7.6 ± 8.2, P < 0.001). The P value for group differences is given, significant ones are highlighted in bold.
Treatment outcome was significantly (P < 0.001) influenced by the type of appliance used (Figure 2 ). Fixed functional appliances plus MB had more often been used in the excellent group (16.4 versus 5.5 per cent). In the unacceptable group, 21.4 per cent of patients either declined treatment with the recommended appliance or had their appliances removed prematurely, while this for natural reasons did not occur in the excellent group.
Neither the sagittal occlusal relationship (Table 4) , nor the transverse occlusion or the overjet showed pretreatment group differences. Pretreatment overbite (Figure 3 ), however, was significantly different between the excellent and unacceptable cases (P = 0.005). Patients with open bite or open bite tendency (OB < 2 mm) were more often seen in the unacceptable group (44.6 versus 26.1 per cent), whereas those with deep bite (OB > 3.5 mm) were slightly more frequent in the excellent group (55.3 versus 42.9 per cent).
Cephalometrically (Table 5 , Figures 4 and 5) , the initial SNB was slightly smaller in the inacceptable group (75.3° versus 76.7°, P = 0.032), resulting in a more pronounced ANB (5.0° versus 3.8°, P = 0.022). Pretreatment vertical jaw base relationship presented a tendency towards more hyperdivergent relationships in the unacceptable group, shown by the ML/NL (27° versus 24°, P = 0.001) and ML/NSL (35.5° versus 33°, P = 0.005). However, it should be noted that the interindividual variation for all cephalometric variables in both groups was extremely large.
Discussion
Unfortunately, the present study design presents some limitations. Cases were selected according to the subjective Ahlgren index assessed by two experienced orthodontists. In order to objectify the Ahlgren assessment, the PAR index was applied to all cases. The mean PAR reduction for the unacceptable cases was 30.5-37.0 per cent. Thus, according to the PAR nomogram (19) , the unacceptable cases would still be classified as 'improved' (PAR reduction ≥ 30%). Therefore, the assessment according to Ahlgren regarding unacceptable outcomes was somewhat stricter than the PAR index.
The definition of the two groups representing the upper and lower border of treatment outcome favourably produced clear cut off points between the groups, but also resulted in unequal group sizes. However, statistical analysis is more reliable when groups are equally sized. To overcome this problem, Fishers exact test was used whenever possible, because Mehta et al. (21) revealed the test to produce reliable results despite unequal group sizes. Another statistical limitation is multiple testing, because many comparisons were undertaken with the same dataset, bearing the risk that some statistical differences might present random effects.
Overall, comparison with literature has various limitations, due to the fact that the available studies either deal with very different populations (type of malocclusion, time of treatment, and type of appliance) or different parameters for treatment outcome (occlusal parameters, cephalometric values, or indices like the PAR index at different time points and observation periods).
The difference in post-treatment PAR scores between the two time periods indicates slight interrater differences (1.0-2.0 PAR points), which were found to be statistically, but most likely not clinically significant. Therefore, it seemed valid to pool the patients from the two time periods. In the orthodontic literature, the PAR index is often used as a gold-standard, but some limitations are mentioned, which mainly concern the different weightings of overjet, overbite, and buccal displacement components, the non-observance of the Angle classification respectively the direction in the buccal sagittal occlusion component or the undue leniency of residual extraction spacing, unfavourable incisor inclinations or rotations (4, (22) (23) (24) (25) . Additionally, the PAR index as well as the Ahlgren assessment underlie some limitations concerning to all kinds of occlusal indices, not taking into account many factors essential for treatment success such as the incidence of caries, white spot lesions or root resorptions, functional occlusal outcome, facial esthetic improvement, skeletal component of malocclusion, and the patient's own satisfaction with the treatment result (4, 20) . As the pretreatment PAR scores indicated no pretreatment difference in severity between the excellent and unacceptable groups, malocclusion severity does not seem to be a suitable prognostic factor for treatment outcome. This finding is in concordance with Tulloch et al. (14) and Robb et al. (17) , but in discordance with several other studies (4, 6, 12, 13, 26, 27) .
In contrast to previous reports (4, 7), the present results indicated a female predominance in the excellent group. The reason for this predominance is unknown.
Patients with general diseases were more common in the present unacceptable group. This difference could be of multifactorial origin, as patients with craniofacial anomalies often show pronounced malocclusions (28) , disturbed myofunction, inadequate oral hygiene, and reduced cooperation, which may result in limited orthodontic treatment goals rather focusing on a functional improvement than on a perfect occlusion. However, reduced treatment goals are disregarded by both the PAR score and the Ahlgren assessment. Comparable literature is limited, because patients with general diseases are often excluded from study populations, which results in a significant bias regarding the overall quality of orthodontic treatment outcome.
A lack of cooperation (poor oral hygiene, appointments with broken appliances, insufficient headgear, activator, elastic, or removable appliance wear) was noted more often in the unacceptable group and is a major obstacle in achieving treatment objectives (16, 17, 29, 30) . Accordingly, premature removal of appliances and rejection of recommended appliances were only seen in the unacceptable group, which is also supported by Berg (29) .
In the present patient sample, pretreatment molar relationship had no influence on treatment outcomes, each Angle Class was equally represented among the excellent and unacceptable groups. However, it must to be considered, that only the two extremes (excellent/unacceptable) were compared. An improvement near ideal occlusion was noticed in all Angle Classes by Birkeland et al. (4) , but a tendency for better results in Class II division 2 and Class II division 1 was revealed. In contrast to that, Vu et al. (31) showed a higher quality of treatment outcome for Class I patients. Some investigations solely focused on outcome in Class II cases and found the degree of malocclusion and the large pretreatment SNB angle to be inversely, and degree of incisor proclination to be directly related to treatment success (26, 32, 33) . In the present sample, fixed functional/MB combinations were three times more often in the excellent group, which keeping the crucial role of cooperation in mind, indicates that non-compliance appliances are a promising factor for treatment success, although no guarantee.
Patients with open bite or open bite tendency respectively hyperdivergent jaw bone relationships were more often found among the unacceptable cases. This is in accordance with literature indicating lower levels of treatment success and stability for open bite cases irrespective of surgical or non-surgical treatment (34) (35) (36) (37) (38) (39) The P-value for group differences is given, significant differences are highlighted in bold. SD = standard deviation. In the present sample, patients with unacceptable outcome anamnestically exhibited habits more often than the excellent group. Basically, all habits interfere with the establishment of an interincisal contact. Unfortunately, we have no data regarding the number of patients successfully breaking their habit until end of treatment. Even a broken sucking habit can induce secondary habits like tongue-thrusting or teeth-apart swallow (40, 41) . Whether a tongue-thrust swallow sustains malocclusion is still controversial in orthodontic literature, current opinions declare the resting position of the tongue as the major factor (42) . However, anamnestically recorded habits should sensitize the orthodontist for defining realistic treatment goals.
For clinical implication, it seems impossible to state reliable predictive factors for an excellent treatment outcome. The present results rather revealed factors associated with unacceptable outcomes, therefore clinicians should be sensitized for the occurrence of these factors and their possible relationship to an unsuccessful treatment outcome: 
Summary and conclusions
Patients who had finished their orthodontic treatment with excellent respective unacceptable outcome according to Ahlgren (9, 10) were analyzed retrospectively. The aim was to outline possible predictive factors for treatment success or failure.
-Pretreatment PAR scores showed no group difference.
-A female predominance was revealed for the excellent group, while male patients were more frequent in the unacceptable group. -The occurrence of general diseases or habits was more pronounced in the inacceptable group. -Negative cooperation, premature removal of appliances, and the denial of recommended appliances were more often seen in the unacceptable group. -Pretreatment open bite or open bite tendency and enlarged ML/ NL or ML/NSL angles were more often seen in the unacceptable group.
